We present an analysis of the impact of bars and bulges on the radial distributions of the different types of supernovae (SNe) in the stellar discs of host galaxies with various morphologies. We use a well-defined sample of 500 nearby ( 100 Mpc) SNe and their low-inclined (i 60 • ) and morphologically non-disturbed S0-Sm host galaxies from the Sloan Digital Sky Survey. We find that in Sa-Sm galaxies, all core-collapse (CC) and vast majority of SNe Ia belong to the disc, rather than the bulge component. The radial distribution of SNe Ia in S0-S0/a galaxies is inconsistent with their distribution in Sa-Sm hosts, which is probably due to the contribution of the outer bulge SNe Ia in S0-S0/a galaxies. In Sa-Sbc galaxies, the radial distribution of CC SNe in barred hosts is inconsistent with that in unbarred ones, while the distributions of SNe Ia are not significantly different. At the same time, the radial distributions of both types of SNe in Sc-Sm galaxies are not affected by bars. We propose that the additional mechanism shaping the distributions of Type Ia and CC SNe can be explained within the framework of substantial suppression of massive star formation in the radial range swept by strong bars, particularly in early-type spirals. The radial distribution of CC SNe in unbarred Sa-Sbc galaxies is more centrally peaked and inconsistent with that in unbarred Sc-Sm hosts, while the distribution of SNe Ia in unbarred galaxies is not affected by host morphology. These results can be explained by the distinct distributions of massive stars in the discs of early-and late-type spirals.
INTRODUCTION
In the realm of disc galaxies, bars are a common feature observed in approximately 40 per cent of nearby S0-Sm galaxies (e.g. de Lapparent, Baillard & Bertin 2011) . In the central regions of these disc galaxies, about one-third have strong barred structure, which generally affects both the motions of stars and interstellar gas and can affect spiral arms as well (for a comprehensive review see Kormendy & Kennicutt 2004) . In addition, the relative sizes of bars and bulges seems to be correlated (e.g. Gadotti 2009 ), thus indicating that the growth of bars and bulges are somehow connected.
In spiral galaxies, most of the massive star formation occurs in the discs where bars, if present, have a strong impact on the radial distribution of star formation, particularly in early Hubble types. James, Bretherton & Knapen (2009) used Hα and R-band imaging to determine the distributions of young and old stellar populations ⋆ E-mail: hakobyan@bao.sci.am in several hundreds of nearby S0/a-Im field galaxies. They identified a clear effect of bars on the pattern of massive star formation as a function of radius within discs. This effect results in a strongly enhanced Hα emission, and moderately enhanced R-band emission in both the central regions and at the bar-end radius of galaxies (see also James & Percival 2015) . The authors noted that this effect seems to be stronger in galaxies classified as barred Sb or Sbc, where the overall distributions of star formation markedly different from that in their unbarred counterparts.
In this context, we are investigating the possible impact of stellar bars and bulges on the radial distributions of the different types of supernovae (SNe) in S0-Sm host galaxies. SNe are generally divided into two categories according to their progenitors: core-collapse (CC) and Type Ia SNe. CC SNe result from massive young stars that undergo CC (e.g. Anderson et al. 2012) , 1 while Type Ia SNe are the end point in the evolution of binary stars when an older white dwarf (WD) accretes material from its companion, causing the WD mass to exceed the Chandrasekhar limit, or a double WD system loses angular momentum due to gravitational wave emission, leading to coalescence and explosion (for a comprehensive review, including the scenarios where the WD explodes at masses both above and below the Chandrasekhar limit, see Maoz, Mannucci & Nelemans 2014) . The distribution of Type Ia SNe traces the distribution of R-band continuum emission/stellar mass in host disc galaxies, while the distribution of CC SNe is strongly related to the distribution of Hα emission/star formation (for the most recent review, see Anderson et al. 2015a) . Therefore, it is expected that the above mentioned bar effect and a possible contribution from the old bulge populations in disc galaxies would leave their 'fingerprints' on the radial distributions of Type Ia and CC SNe.
In our earlier study (Hakobyan et al. 2009 , hereafter H09), we attempted to find differences in the radial distributions of SNe in barred and unbarred spiral host galaxies (see also Petrosian et al. 2005; Hakobyan 2008; Nazaryan et al. 2013) . No significant differences were found, most probably due to small number statistics, inhomogeneous data sets of SNe and their hosts, and unsatisfying considerations for the relations between the bar lengths, bulge sizes, and morphological types of SNe host galaxies. On the other hand, Wang, Höflich & Wheeler (1997) attempted to estimate the contribution from bulge components of spiral host galaxies to the entire radial distribution of SNe Ia. They noted that the stellar bulges in spirals are not efficient producers of Type Ia SNe (see also Anderson et al. 2015b) . But again, the above mentioned impact of bars on the radial distributions of young and old stellar populations in the discs was not considered.
The aim of this article is to address these questions properly through a study of the radial distributions of Type Ia and CC (Ibc and II) SNe in a well-defined and homogeneous sample of 500 nearby SNe and their low-inclined and morphologically nondisturbed S0-Sm galaxies from the coverage of Sloan Digital Sky Survey-III (SDSS-III; Ahn et al. 2014) .
In our first paper of this series (Hakobyan et al. 2012 , hereafter Paper I), we have created a large and well-defined data base that combines extensive new measurements and a literature search of 3876 SNe and their 3679 host galaxies located within the sky area covered by the SDSS Data Release 8 (DR8). This data base is much larger than previous ones, and provides a homogeneous set of global parameters of SN hosts, including morphological classifications and measures of activity classes of nuclei. Moreover, in Paper I, we analysed and discussed many selection effects and biases, which usually affect the statistical studies of SNe. In the second article of the series Hakobyan et al. (2014, hereafter Paper II) , we presented an analysis of the relative frequencies of the different SN types in nearby spiral galaxies with various morphological types and with or without bars. We used a subsample of spiral host 1 CC SNe are observationally classified in three major classes, according to the strength of lines in optical spectra (e.g. Filippenko 1997 ): Type II SNe show hydrogen lines in their spectra, including the IIn (dominated by emission lines with narrow components) and IIb (transitional objects with observed properties closer to SNe II at early times, then metamorphosing to SNe Ib) subclasses; Type Ib SNe show helium but not hydrogen, while Type Ic SNe show neither hydrogen nor helium. All these SNe types arise from young massive progenitors with possible differences in their masses, metallicities, ages, and fractions of binary stellar systems (e.g. Smith et al. 2011 ). galaxies of 692 SNe in different stages of galaxy-galaxy interaction and activity classes of nucleus. We proposed that the underlying mechanisms shaping the number ratios of SNe types could be interpreted within the framework of interaction-induced star formation, in addition to the known relations between morphologies and stellar populations. For more details, the reader is referred to Papers I and II. This is the third paper of the series and the outline is as follows. Section 2 introduces sample selection and reduction. In Section 3, we give the results and discuss all the statistical relations. Our conclusions are summarized in Section 4. Throughout this paper, we adopt a cosmological model with Ωm = 0.27, ΩΛ = 0.73, and a Hubble constant is taken as H0 = 73 km s −1 Mpc −1 (Spergel et al. 2007 ), both to conform to values used in our data base.
SAMPLE SELECTION AND REDUCTION
In this study, we compiled our sample by cross-matching the coordinates of classified Ia, Ibc 2 , and II SNe from the Asiago Supernova Catalogue 3 (ASC; Barbon et al. 1999 ) with the coverage of SDSS DR10 (Ahn et al. 2014) . All SNe are required to have coordinates and/or positions (offsets) with respect to the nuclei of their host galaxies. We use SDSS DR10 and the techniques presented in Paper I to identify the SNe host galaxies and classify their morphological types. Since we are interested in studying the radial distribution of SNe in stellar discs of galaxies, the morphologies of hosts are restricted to S0-Sm types.
In Paper I, we have shown that the sample of SNe is largely incomplete beyond 100 Mpc (see also Paper II). Thus, to avoid biasing the current sample against or in favour of one of the SN types, we truncate the sample to distances 100 Mpc.
In addition, following the approach described in detail in Paper II, we classify the morphological disturbances of the host galaxies from the visible signs of galaxy-galaxy interactions in the SDSS DR10. We adopted the following categories for SN host disturbances: normal (hosts without any visible disturbance in their morphological structure), perturbed (hosts with visible morphological disturbance, but without long tidal arms, bridges, or destructed spiral patterns), interacting (hosts with obvious signs of galaxy-galaxy interaction), merging (hosts with ongoing merging process), and post-merging/remnant (single galaxies that exhibit signs of a past interaction, with a strong or relaxed disturbance). Here, we make use of this classification in order to exclude from the present analysis any host galaxy exhibiting strong disturbances (interacting, merging, and post-merging/remnant).
We measure the geometry of host galaxies using the Graphical Astronomy and Image Analysis 4 (GAIA) tool according to the approaches presented in Paper I.
5 First, we construct 25 mag arcsec −2 isophotes in the SDSS DR10 g-band, and then we visually fit on to each isophote an elliptical aperture centred at 2 By SN Ibc, we denote stripped-envelope SNe of Types Ib and Ic, as well as mixed Ib/c whose specific subclassification is uncertain. 3 We use the updated version of the ASC to include all classified SNe exploded before 2014 January 1. 4 GAIA is available for download as part of JAC Starlink Release at http://starlink.jach.hawaii.edu. 5 The data base of Paper I is based on the SDSS DR8. Here, because we added new SNe in the sample, for homogeneity we re/measure the geometry of all host galaxies based only on DR10. each galaxy centroid position. From the fitted elliptical apertures, we derive the major axes (D25), elongations (a/b), and position angles (PA) of the major axes of galaxies. In further analysis, we use the D25 corrected for Galactic and host galaxy internal extinction. We then calculate the inclinations of host galaxies using elongations and morphological types following the classical Hubble formula. More details on these procedures are found in Paper I. Finally, an additional restriction on the inclinations (i 60 • ) of hosts is required to minimize absorption and projection effects in the discs of galaxies.
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After these restrictions, we are left with a sample of 500 SNe within 419 host galaxies.
7 For these host galaxies, we do visual inspection of the combined SDSS g-, r-, and i-band images, as well as check the different bands separately to detect any sign of barred structure in the stellar discs. In Paper I, we demonstrated that given their superior angular resolution and three-colour representations, the SDSS images, especially for low-inclined galaxies, offer a much more reliable and capacious source for bar detection than do the other images, e.g. plate-based images on which most of the HyperLeda/NED classifications were performed. To check the consistency of bar detection in our sample with that of the SDSS-based EFIGI 8 catalogue of nearby visually classified 4458 PGC galaxies , we select a subsample of 149 galaxies that are common to both EFIGI and to our sample of SNe hosts. Fol-lowing Paper II, we compare the EFIGI Bar Length attribute 9 with our detection (bar or no bar). When the Bar Length is 0 or 2, our bar detection is different for only 6 per cent of cases. When the Bar Length is 3 or 4, our bar detection completely matches with that of the EFIGI. However, we do not detect bars in 30 per cent of the cases when Bar Length is 1. Hence, the EFIGI Bar Length = 1 mainly corresponds to the threshold of our bar detection, i.e., barely visible bar feature with a length about one-tenth of D25.
10 Table 1 displays the distribution of all SNe types among the various considered morphological types for their barred and unbarred host galaxies.
RESULTS AND DISCUSSION
We now study the possible influence of bars and bulges on the SNe distributions through an analysis of the radial distributions of different types of SNe in discs of host galaxies with various morphological types. Here, we widely use our morphological classification, bar detection, and geometry for SNe host galaxies, while for bulge parameters (e.g. bulge-to-disc mass ratio: B/D) we only indirectly consider their statistical relations to the Hubble sequence (e.g. de Lapparent et al. 2011 ).
Galactocentric radius deprojection and normalization
We apply the inclination correction to the projected (observed) galactocentric radii of SNe as described in H09. The reliability of the inclination correction is based on the fundamental assumption that SNe belong mostly to the disc, rather than the bulge component in S0-Sm galaxies (e.g. Johnson & MacLeod 1963; McCarthy 1973; Barbon et al. 1975; Iye & Kodaira 1975; Vettolani & Zamorani 1977; Tsvetkov 1981 Tsvetkov , 1987 Kazarian 1997; Ivanov et al. 2000; Wang et al. 2013 ). This assumption is natural for CC SNe, considering the requirement that massive young stars are progenitors (e.g. Smartt 2009; Anderson et al. 2012 ) located in the discs of host galaxies (e.g. Onic et al. 2008; H09) . The spatial distribution of SNe Ia, arising from older WD in binary systems (e.g. Maoz et al. 2014) , is more complicated and consists of two interpenetrating components (e.g. Hatano, Branch & Deaton 1998): disc and bulge SNe.
If SNe belong mostly to the bulge component, one would expect that the distributions of their projected galactocentric distances (normalized to the g-band 25
th magnitude isophotal semimajor axis; R25 = D25/2) along major (U/R25) and minor (V /R25) axes would be the same both in face-on (i 60 • ) and in edgeon (i > 60
• ) disc galaxies. The projected U and V galactocentric distances (in arcsec) of an SN are U = ∆α sin PA + ∆δ cos PA ,
where ∆α and ∆δ are offsets of the SN in equatorial coordinate 10 Later in the study, we will see that this very central region of galaxies with tiny bars is almost always restricted to the first bin of the radial distribution of SNe, and therefore cannot statistically bias our results.
system, and PA is position angle of the major axis of the host galaxy. For more details of these formulae, the reader is referred to H09. The R25 normalization is important because the distribution of linear distances (in kpc) is strongly biased by the greatly different intrinsic sizes of host galaxies (see fig. 2 in H09). In linear scale, there would be a systematic overpopulation of SNe at small galactocentric distances as this region would be populated by SNe exploding in all host galaxies, including the smaller ones, while larger distances would only be populated by the SNe occurring in the larger hosts. Fig. 1 shows (in red) the V /R25 versus U/R25 distributions in face-on and edge-on S0-Sm galaxies, as well as their histograms. The sample of SNe in face-on galaxies consists of 180 Ia and 320 CC SNe (see Table 1 ), while the ancillary sample of SNe in edgeon hosts (not shown in Table 1 ) includes 105 Ia and 181 CC SNe. In disc galaxies, all types of SNe preferentially appear along the major U axis (see the standard deviations in Table 2 ). This effect is stronger in edge-on galaxies. In fact, the two-sample KolmogorovSmirnov (KS) and Anderson-Darling (AD) tests, 11 shown in Table 2, indicate that the distributions of U/R25 and V /R25 are significantly different, both for Type Ia and CC SNe (except for Type Ia SNe in face-on hosts with the KS test).
It is worth mentioning that Sa-Sm galaxies contain stellar populations of different ages and host both Type Ia and CC SNe. While S0 and S0/a galaxies, which are mostly populated by old stars and have prominent bulges, host Type Ia SNe. A tiny fraction of CC SNe has also been detected in galaxies classified as S0. Nevertheless, in these rare cases, there is some evidence of residual star formation in the SN hosts, due to merging/accretion or interaction with close neighbours in the past (e.g. Hakobyan et al. 2008; Paper I) . The distribution of SNe types versus morphology of the host galaxies, shown in Table 1 , is consistent with this picture. In this sense, when selecting only Sa-Sm hosts, the PKS for Type Ia SNe in the face-on sample becomes significant (it is reduced to 0.045), suggestive of a possible contribution from bulge SNe Ia in S0-S0/a galaxies. For Sa-Sm galaxies, the probabilities of KS and AD tests for the other subsamples do not change the results of Table 2 .
Performing simple calculations, we find that the ratio of the mean values of |V | and |U | is 0.71 for Type Ia and 0.75 for CC SNe in face-on, and, respectively, 0.35 and 0.36 in edge-on galaxies. These numbers are very close to the mean values of the cosines of the inclinations ( cos i = 0.74 ± 0.01 in face-on galaxies and 0.31 ± 0.02 in edge-on galaxies -where the uncertainties are the errors on the means), thus supporting the fact that the vast majority of SNe in S0-Sm galaxies are distributed within the stellar discs. Similar results are found when only considering Sa-Sm galaxies. This also suggests that the rate of SNe Ia in spiral galaxies is dominated by a relatively young/intermediate progenitor population (e.g. Mannucci et al. 2005; Hakobyan et al. 2011; Li et al. 2011) .
For deprojected host discs, in Fig. 1 we also show (in black) the V /r25 versus U/R25 distributions and their histograms for different samples, where r25 is the g-band 25th magnitude isophotal semiminor axis (r25 = R25 cos i). In contrast to the previous normalization, the KS and AD tests show that the distributions of 11 The two-sample AD test is more powerful than the KS test (Engmann & Cousineau 2011), being more sensitive to differences in the tails of distributions. Traditionally, we chose the threshold of 5 per cent for significance levels of the different tests.
U/R25 and V /r25 both for Type Ia and CC SNe could be drawn from the same parent distribution (see Table 2 ). In addition, the ratios of the mean values of |V |/r25 and |U |/R25 in different samples are approximately equal to unity. Thus, after correcting the host galaxies for inclination effects, the distributions of SNe along major (U/R25) and minor (V /r25) axes turn to be equivalent (see also the standard deviations in Table 2 ). Hereafter, we restrict our analysis to the face-on sample to minimize absorption and projection effects in the discs of galaxies.
12
We now adopt the oversimplified model where all SNe are distributed on infinitely thin discs of the host galaxies. While this is a reasonable assumption for SNe within spiral hosts, we shall extend this assumption to S0-S0/a galaxies, for which many find a disc distribution of SNe (e.g. Onic et al. 2008; H09 for CC and Hamuy & Pinto 1999; Ivanov et al. 2000 for Type Ia SNe).
In this thin-disc approximation, the corrected galactocentric radius (in arcsec) of the SN in the host disc satisfies
We pay particular attention and discuss the cases when the contribution from the bulge SNe Ia becomes apparent, especially in S0-S0/a hosts.
Influence of bars and bulges on the radial distribution of SNe
The upper panel of Fig. 2 compares the distributions of deprojected, normalized galactocentric radii (r = RSN/R25) of Type Ia and CC SNe in S0-S0/a and Sa-Sm galaxies. In this panel, we see an initial rise of SNe number as a function ofr and a negative radial gradient outside the maximum, suggestive of the exponential surface brightness distribution of stellar discs, which we will study in more detail in Section 3.3. In previous studies, based on smaller samples, similar deprojected distributions of SNe were already obtained by normalizing them to the radii of hosts at some fixed surface brightness isophot (Johnson & MacLeod 1963; Barbon et al. 1975; Iye & Kodaira 1975; Vettolani & Zamorani 1977; Bartunov & Tsvetkov 1986; Turatto et al. 1989; Petrosian & Turatto 1990 Li & Li 1995; Ivanov et al. 2000; Navasardyan et al. 2001; Bressan et al. 2002; Petrosian et al. 2005; Hakobyan 2008; Anderson & James 2009; H09; Wang et al. 2010; Nazaryan et al. 2013; Wang et al. 2013 ). The observed numbers of SNe atr ∼ < 0.2 indicate that different SN searches fail to discover objects at or near the centre of the surveyed galaxies (e.g. Cappellaro et al. 1997; Hamuy & Pinto 1999) . In an earlier study, Shaw (1979) noted that this effect is stronger for distant host galaxies relative to nearer ones. Then it became apparent that this Shaw effect is important for deep photographic searches and negligible for visual and CCD searches (e.g. Cappellaro et al. 1997; Howell et al. 2000) . Presently, SN searches are conducted only with CCD cameras and SNe are discovered via image subtraction, so the discrimination against SNe occurring near the bright nuclei of galaxies is less strong. Nevertheless, an area with a radius of a few pixels centred on every galaxy nucleus is usually excluded during a search, because galactic nuclei often suffer imperfect image subtraction and introduce many false sources (e.g. Leaman et al. 2011 The P KS and P AD are the probabilities from two-sample KS and AD tests, respectively, that the two distributions being compared (with respective standard deviations σ 1 and σ 2 ) are drawn from the same parent distribution. The P KS and P AD are calculated using the calibrations by Massey (1951) and Pettitt (1976) , respectively. The statistically significant differences between the distributions are highlighted in bold.
dust in host galaxy discs, depending on inclination, can affect the radial distributions of SNe, particularly in the nuclear region (e.g. Wang et al. 1997; Hatano et al. 1998; Holwerda et al. 2015) .
To check the possible influences of these selection effects on the radial distribution of SNe, we compare, in Table 3 , the radial distributions of SNe in different pairs of subsamples where these selection effects may produce different radial SN distributions. For this, we performed two-sample KS and AD tests between the pairs of radial SN distributions. These tests show that the radial distributions of Type Ia and CC SNe in our sample are not affected by distance or inclination of the host galaxy, nor by the SN discovery epoch (photographic/CCD searches).
We now compare, in Table 4 , the distributions of the normalized deprojected radii for pairs of subsamples that should not be affected by selection effects. We see no statistically significant differences between the radial distributions of Type Ia and CC SNe in all the subsamples of Sa-Sm galaxies. In contrast, the cumulative radial distributions of SNe Ia in S0-S0/a and Sa-Sm galaxies apparently deviate from one another (as seen in the AD statistic but only very marginally so in the KS statistic). Fig. 2 , indeed shows signs of a bimodal radial distribution for SNe Ia in S0-S0/a galaxies.
Naturally, one expects that among disc galaxies, bulge SNe Ia should have highest contribution to the whole distribution of SNe Ia in S0-S0/a subsample, because among disc galaxies the ratio of bulge luminosity over disc luminosity (or B/D) is highest in the S0-S0/a subsample (e.g. Yoshizawa & Wakamatsu 1975; Simien & de Vaucouleurs 1986; Oohama et al. 2009; de Lapparent et al. 2011 ). In the case of SaSm galaxies, both Type Ia and CC SNe dominate in the SbcSc morphological bin (see Table 1 ), where the B/D ratio is significantly lower than that in S0-S0/a galaxies (e.g. Oohama et al. 2009; de Lapparent et al. 2011) . Moreover, the radial distributions of Type Ia and CC SNe in all the Sa-Sm subsamples can be drawn from the same parent distribution (see the P -values in Table 4 ) supporting the fact that in these galaxies SNe Ia mostly exploded in the disc component where all CC SNe also occur. Thus, the apparent deviation of the radial distribution of Type Ia SNe in S0-S0/a galaxies from that in Sa-Sm hosts (upper panel of Fig. 2 ) is attributed to the contribution by SNe Ia from the bulge component of S0-S0/a galaxies.
Another interesting results stands out in Table 4 . The radial distributions of CC SNe in barred versus unbarred Sa-Sbc galaxies are inconsistent (middle panel of Fig. 2) , while for Type Ia SNe the radial distributions between barred and unbarred Sa-Sbc galaxies are not significantly different. At the same time, the radial distributions of both Type Ia and CC SNe in Sc-Sm galaxies are not affected by bars.
Interestingly, James et al. (2009) discovered that several earlytype barred spiral galaxies that had strong dips in their radial Hα line emission profiles, near 0.25 R25.
13 This region is roughly where their unbarred counterparts host the strongest star formation. The Hα emission from barred Sb-Sbc galaxies showed central components and concentrations of star formation at or just outside the bar-end radius. Except for the central component, where we have difficulties to discover SNe, the picture of James et al. is very similar to that we observe for CC SNe in barred and unbarred Sa-Sbc galaxies (see the middle panel of Fig. 2 and fig. 8 in James et al.) . The region between the central component and barend radius of Hα emission profiles is termed the 'star formation desert' (SFD) by James & Percival (2015) . In addition, they noted that the SFD had significant continuum emission in the R-band and even showed line emission not consistent with expectations from star formation, but most probably from an old stellar population.
Taking into consideration that the distributions of Type Ia and CC SNe, respectively, trace the distributions of R-band continuum emission/stellar mass and Hα emission/star formation (e.g. Table 5 ). This inner region is selected because in Sa-Sbc subsample the SNe dominate in Sb-Sbc galaxies (see Table 1 ), where the mean SFD region has outer radius ∼ 0.3 of the optical radius (see fig. 5 in James et al. 2009 ).
14 Table 5 shows that the innerr 0.3 fractions of Type Ia SNe in Sa-Sbc and Sc-Sm hosts are not statistically different between barred and unbarred galaxies. The same situation holds true for CC SNe in Sc-Sm galaxies. However, the inner fraction of CC SNe is significantly lower in barred Sa-Sbc galaxies compared with their unbarred counterparts. It is important to note that the inner fractions of Type Ia and CC SNe are not statistically different one from another when the same morphological and barred/unbarred categories are selected.
The results of Table 5 agree quite well with the findings of James & Percival (2015) that barred galaxies of earlier Hubble types have substantially suppressed star formation (see also The statistically significant differences between the distributions are highlighted in bold. 
0.741
The standard deviations of the fractions are calculated using the approach of Cameron (2011). The significance value P B is calculated using Barnard's exact test (Barnard 1945) , which compares the pairs of numbers rather than the fractions. The statistically significant difference between the fractions is highlighted in bold. James et al. 2009 ), hence the lack of CC SNe in the inner radial range swept by the strong bars of Sa-Sbc galaxies. On the other hand, this region is not 'forbidden' to Type Ia SNe, because these SNe originate from an older stellar population also located in the bulge. CC SNe in barred Sc-Sm galaxies can appear in the inner regions because the effect of star formation suppressing by bars is not seen in late-type barred galaxies James & Percival 2015) . Thus, we see that bars of host galaxies affect the radial distributions of SNe, at least the CC ones, in the stellar discs of early-type galaxies. According to Table 4 and the bottom panel of Fig. 2 , we also see that the radial distribution of CC SNe in unbarred Sa-Sbc galaxies is more centrally peaked and inconsistent with that in unbarred Sc-Sm hosts (as seen in the KS statistic but only marginally so in the AD statistic). In contrast, the radial distribution of Type Ia SNe in unbarred galaxies is unaffected by host morphology. The different radial distributions of SNe in unbarred spirals can be explained by the strong dependence of massive star formation distribution in the discs on the morphological type of galaxies. In particular, for S0/a-Im galaxies James et al. (2009) Hα C30 index with Hubble sequence, with the early-type having about two times higher Hα C30 indices in comparison with the late-type galaxies. The same is true for R-band C30 indices, but with less difference between early-and late-type galaxies (see fig 1. in James et al. 2009 ). Moreover, the authors showed that the unbarred galaxies have more centrally concentrated Hα emission than do their strongly barred counterparts. Note that, in some cases, the C30 indices may be biased by Active Galactic Nuclei (AGN) emission from the very central region (< 0.2R25) of galaxies. However, fig. 8 in James et al. (2009) shows that for unbarred earlytype galaxies the trends above are virtually unaffected when the inner regions (< 0.2R25) are not considered. Since Type Ia SNe are less tightly connected to the Hα emission of the explosion site (e.g. Stanishev et al. 2012; Galbany et al. 2014) , the radial distribution of SNe Ia in Sa-Sm hosts is not strongly affected by the morphology.
It is important to note that, when selecting Sa-Sbc and ScSm morphologies without splitting between barred and unbarred subsamples, all the significant differences in the radial distributions of SNe are washed out (see Table 4 ). Therefore, the lack of significant differences in the radial distributions of CC SNe as a function of the morphological type of host galaxies presented in the earlier studies (e.g. Bartunov et al. 1992; Li & Li 1995; Tsvetkov, Pavlyuk & Bartunov 2004; Petrosian et al. 2005; Hakobyan 2008; H09; Wang et al. 2010 ) is a consequence of these samples mixing barred and unbarred galaxies with different levels of mixing of the stellar populations.
To exclude the effects of (1) bars (two distinct types of bars: strong bars, which are more common in early-type discs, and weak bars, which are frequently found in late-type spirals; see fig. 5 of Paper II) and (2) the morphological differences between Type Ia and CC SNe hosts (the mean morphological type of SNe Ia host galaxies is earlier than that of the CC SNe hosts, as can be deduced from the numbers in our Table 1; see also fig. 2 and table 11 of Paper II), we repeat the analysis of the inner (r 0.3) fractions of SNe, restricting to unbarred morphological bins (Sbc and Sb-Sbc). We carry out this analysis because the bulge stars of Sb-Sbc galaxies are typically located in our chosen inner region, 16 which enables a better estimation of the possible contribution of bulge SNe Ia on top of that of the inner disc population. We find that there is no significant difference in the inner fractions of Type Ia and CC SNe in the Sbc bin (FIa = 0.32 Here, we do not use the earlier morphological bins because they are rarely populated by CC SNe making it impossible to estimate the FCC (see Table 1 ). On the other hand, the later morphological bins are not suitable because of the weaker bulge component (e.g. Oohama et al. 2009; de Lapparent et al. 2011) .
Interestingly, FIa = 0.32
−0.05 for 28 Type Ia SNe in all S0-S0/a galaxies, which is the same as FIa = 0.32 +0.02 −0.02 for 152 SNe Ia in all Sa-Sm hosts and even the same as FIa for only unbarred Sbc galaxies. With the results in Section 3.1, this suggests that the deviation of the radial distribution of Type Ia SNe in S0-S0/a galaxies from that in Sa-Sm hosts (upper panel of Fig. 2 and Table 4 ) is and the total flux, which provides a simple measure of the observed radial distribution of the luminosity of a galaxy in a specified bandpass. 16 Fig. 23 of Bernardi et al. (2014) indicates that the bulge half-light radius, R bulge , is roughly one-quarter of the disc scale length, which for typical central disc surface brightness amounts to R bulge < R 25 /10 (using the relation between disc scale length and R 25 given in equation 3 of H09). mostly attributed to the contribution by the outer bulge SNe Ia in S0-S0/a galaxies (see also the corresponding mean values ofr in Fig. 2) .
These results confirm that the old bulges of Sa-Sm galaxies are not significant producers of Type Ia SNe, while the bulge populations are significant for SNe Ia only in S0-S0/a galaxies. In S0-S0/a hosts, the relative fraction of bulge to disc SNe Ia is probably changed in comparison with that in Sa-Sm hosts, because the progenitor population from the discs of S0-S0/a galaxies should be much lower due to the lower number of young/intermediate stellar populations.
Moreover, we do not detect the relative deficiency of Type Ia SNe in comparison with CC SNe in the inner regions of spiral hosts, contrary to van den Bergh (1997), Wang et al. (1997) , and Anderson et al. (2015b) . Instead, the radial distributions of both types of SNe are well matched between each other in all the subsamples of Sa-Sbc and Sc-Sm galaxies supporting the idea that the relative concentration of CC SNe in the centres of spirals found by these authors is most probably due to a contribution of the central excess of CC SNe in disturbed galaxies (e.g. Habergham, James & Anderson 2012; Paper II), which are excluded from our sample (see Section 2). Wang et al. (1997) discussed the possibilities that the relative deficiency of Type Ia SNe that they found (and which we do not confirm) in the inner regions of spiral galaxies may be due to a stronger dust extinction for Type Ia events than for CC SNe. They suggested that massive progenitors of CC SNe within associations might create large cavities in the discs through their own stellar winds or earlier SN explosions, therefore making the discovery of CC SNe easier. Despite the higher luminosity of Type Ia SNe at maximum, their lower mass progenitors make such cavities less likely (see also van den Bergh & McClure 1990) . However, our results discussed above show that dust extinction in the discs of nearby non-disturbed spirals should not be different for Type Ia and CC SNe. Moreover, in Aramyan et al. (in preparation) , we show that although CC SNe are more concentrated to the brightness peaks of spiral arms than are Type Ia events, both SN types occur mostly in spiral arms (see also Bartunov, Tsvetkov & Filimonova 1994; McMillan & Ciardullo 1996) where large cavities, if present, should be shared, on average, between the progenitors of both SN types.
The differences between our results and those of previous studies is that we deproject and normalize the galactocentric radii of SNe, while the other studies used projected and normalized (van den Bergh 1997), or projected linear (Wang et al. 1997) , or normalized to flux (Anderson et al. 2015b ) galactocentric radii. Another important difference is that, contrary to our study, Wang et al. (1997) and Anderson et al. (2015b) included highly inclined galaxies in their studies.
The deprojected exponential surface density distribution
It is widely accepted that the surface density distribution of SNe in discs follows an exponential law (e.g. Barbon et al. 1975; Vettolani & Zamorani 1977; Bartunov et al. 1992; van den Bergh 1997; H09; Wang et al. 2010; Nazaryan et al. 2013 ). However, a comprehensive analysis of the surface density distribution in different samples of barred and unbarred galaxies has not been performed and this is one of the main goals of the present study.
Following H09, we fit an exponential surface density profile, Σ(R), to the distribution of deprojected normalized radii, using maximum likelihood estimation (MLE). Here, Σ SN (r) = is the central surface density of SNe. To check whether the distribution of SN radii follows the best-fitting exponential surface density profile, we perform one-sample KS and AD tests on the normalized cumulative distributions of SNe, where the exponential model has a cumulative normalized distribution E(r) = 1 − (1 +r/hSN) exp(−r/hSN).
In columns 3-6 of Table 6 , the total number of SNe in the full radial range, their mean radius with standard deviation, the KS and AD test P -values, PKS and PAD are, respectively, presented for the different subsamples. In Table 7 , despite the small number statistics of Type Ibc SNe (see Table 1 ), we consider Types Ibc and II SNe separately.
From columns 5 and 6 of Tables 6 and 7 , we see that in many subsamples of CC SNe, in contrast to Type Ia SNe, the surface density distribution is not consistent with an exponential profile. Fig. 2 hints that the observed inconsistency is probably due to the central r ∼ < 0.2 deficit of SNe (farther, see also in the right-hand panel of Fig. 3 ). For this reason, we repeat the above described tests for r ∈ [0.2; ∞) range and find that the inconsistency vanishes in most of the subsamples (see columns 8 and 9 in Tables 6 and 7 ). The corresponding scale lengths for the inner-truncated disc are listed in column 10 of Tables 6 and 7. As expected, only the distribution of CC SNe in early-type barred spirals is inconsistent with an exponential distribution due to the impact of bars on the radial distribution of CC SNe as discussed in Section 3.2. The effect is not seen for Type Ibc SNe probably due to the small number statistics of these SNe in early-type barred spirals (see column 7 in Tables 7). Finally, to eliminate the effects induced by bars, we compare the radial distributions of Types Ibc and II SNe in unbarred spiral galaxies only. The two-sample KS and AD tests show that the radial distribution of Type Ibc SNe is highly inconsistent with that of Type II (PKS = 0.026 and PAD = 0.014), because the former are more centrally concentrated (see the mean ofr andhSN values in Table 7 ).
The radial position within host galaxies can be used as a proxy for the local metallicity since the short lifetime of CC SN progenitor (tens of Myr) is not enough to allow far migration from its birthplace. Therefore, the physical explanation for the more concentrated distribution of SNe Ibc with respect to SNe II in non-disturbed and unbarred spiral galaxies is that SNe Ibc arise from more metal-rich environments, 17 as has been widely discussed (e.g. van den Bergh 1997; Petrosian et al. 2005; Hakobyan 2008; Prieto, Stanek & Beacom 2008; Boissier & Prantzos 2009; Anderson & James 2009; H09; Anderson et al. 2012) . Here, we do not go into deeper considerations, instead we refer the reader to the mentioned references for more complete discussions.
Despite the smaller numbers statistics, we analyse the radial distributions of Types Ib and Ic SNe in unbarred galaxies (18 SNe Ib and 23 SNe Ic; see Table 1 ). Compared with the SNe Ibc versus SNe II test, the radial distributions of SNe Ib and SNe Ic are sufficiently similar that the two-sample KS and AD tests fail to distinguish them with statistical significance (PKS = 0.119 and PAD = 0.202). In the inner-truncated disc, the scale length of Type Ib SNe (0.14 ± 0.03) is not significantly lower from that of Type Table 6 . Consistency of CC and Type Ia SN distributions with an exponential surface density model.
Columns 1 and 2 give the subsample; Col. 3 is the number of SNe in the subsample for the full radial rangẽ r ∈ [0; ∞); Col. 4 is the mean ofr with standard deviation; Cols. 5 and 6 are the P KS and P AD probabilities from one-sample KS and AD tests, respectively, that the distribution of SNe is drawn from the best-fitting exponential surface density profile; Cols. 7, 8, and 9 are, respectively, the same as Cols. 3, 5, and 6, but forr ∈ [0.2; ∞); Col. 10 is the maximum likelihood value ofh SN = h SN /R 25 with bootstrapped error (repeated 10 4 times) for the inner-truncated disc. The P KS and P AD are calculated using the calibrations by Massey (1951) and D'Agostino & Stephens (1986) , respectively. The statistically significant deviations from an exponential law are highlighted in bold. Ic SNe (0.17 ± 0.03), while the scale length of all the Ibc family is between these values (see Table 7 ). Fig. 3 presents the cumulative and surface density distributions of the different types of SNe in unbarred Sa-Sm host galaxies. According to the scale lengths in Tables 6 and 7 , the fit lines in Fig. 3 show the exponential surface density profiles of SNe in the same subsample. A central (r ∼ < 0.2) drop from an exponential distribution is observed for all the SNe types, less prominent for SNe Ia.
It is important to note that the scale lengths of SNe (hSN = hSN/R25) in Tables 6 and 7 are calculated using the µg = 25 mag arcsec −2 isophotal level in the SDSS g-band (see Section 2), while the previous papers used the same magnitude isophotal level in B-band (e.g. Tsvetkov et al. 2004; H09; Wang et al. 2010; Herrero-Illana et al. 2012; Kangas et al. 2013) . In Paper I, we showed that galaxies have sizes systematically larger in the gband than in the B-band (see fig. 11 and table 4 in Paper I) due to the fact that our g-band measurements are performed at the equivalent of the µB ≃ 25.48 isophote, hence at typically lower surface brightness threshold. Therefore, considering that our radii of host galaxies are greater than those in the HyperLeda on average by a factor of 1.32 ± 0.01 (see Paper I), we get generally about 25 per cent smaller scale lengths of SNe in g-band compared with the earlier estimations in B-band (e.g. see H09 for CC SNe).
CONCLUSIONS
In this third paper of a series, using a well-defined and homogeneous sample of SNe and their host galaxies from the coverage of SDSS DR10, we analyse the impact of bars and bulges on the radial distributions of the different types of SNe in the stellar discs of host galaxies with various morphologies. Our sample consists of 419 nearby ( 100 Mpc), low-inclination (i 60
• ), and morphologically non-disturbed S0-Sm galaxies, hosting 500 SNe in total.
All the results that we summarize below concerning the radial distributions of SNe in barred galaxies can be explained considering the strong impact of the bars on the distribution of massive star formation in stellar discs of galaxies, particularly in early-type spirals. On the other hand, the bulge component of Type Ia SNe distribution shows a negligible impact on the radial distribution of SNe Ia, except in S0-S0/a galaxies.
We also check that there are no strong selection effects and biases within our SNe and host galaxies samples, which could drive the observed behaviours of the radial distributions of Type Ia and CC SNe in the disc galaxies presented in this study.
The results obtained in this article are summarized below, along with their interpretations.
(i) In Sa-Sm galaxies, all CC and the vast majority of Type Ia SNe belong to the disc, rather than the bulge component ( Fig. 1 and Table 2 ). The result suggests that the rate of SNe Ia in spiral galaxies is dominated by a relatively young/intermediate progenitor population. This observational fact makes the deprojection of galactocentric radii of both types of SNe a key point in the statistical studies of their distributions.
(ii) The radial distribution of Type Ia SNe in S0-S0/a galaxies is inconsistent with that in Sa-Sm hosts (as seen in Fig. 2 and Table 4 for the AD statistic but only very marginally so in the KS statistic). This inconsistency is mostly attributed to the contribution by SNe Ia in the outer bulges of S0-S0/a galaxies. In these hosts, the relative fraction of bulge to disc SNe Ia is probably changed in comparison with that in Sa-Sm hosts, because the progenitor population from the discs of S0-S0/a galaxies should be much lower due to the lower number of young/intermediate stellar populations.
(iii) The radial distribution of CC SNe in barred Sa-Sbc galaxies is not consistent with that of unbarred Sa-Sbc hosts ( Fig. 2 and Table 4 ), while for Type Ia SNe the distributions are not significantly different (Table 4) . At the same time, the radial distributions of both Type Ia and CC SNe in Sc-Sm galaxies are not affected by bars (Table 4) . These results are explained by a substantial suppression of massive star formation in the radial range swept by strong bars of early-type barred galaxies.
(iv) The radial distribution of CC SNe in unbarred Sa-Sbc galaxies is more centrally peaked and inconsistent with that in unbarred Sc-Sm hosts (as seen in Fig. 2 and Table 4 for the KS statistic but only marginally so in the AD statistic). On the other hand, the radial distribution of Type Ia SNe in unbarred galaxies is not affected by host morphology (Table 4) . These results can be well explained by the distinct distributions of massive stars in the discs of early-and late-type spirals. In unbarred Sa-Sbc galaxies, star formation is more concentrated to the inner regions (Hα emission outside the nucleus) and should thus be responsible for the observed radial distribution of CC SNe.
(v) The radial distribution of CC SNe, in contrast to Type Ia SNe, is inconsistent with the exponential surface density profile (Tables 6 and 7) , because of the central (r ∼ < 0.2) deficit of SNe. However, in ther ∈ [0.2; ∞) range, the inconsistency vanishes for CC SNe in most of the subsamples of spiral galaxies. In the innertruncated disc, only the radial distribution of CC SNe in barred early-type spirals is inconsistent with an exponential surface density profile, which appears to be caused by the impact of bars on the radial distribution of CC SNe.
(vi) In the inner regions of non-disturbed spiral hosts, we do not detect a relative deficiency of Type Ia SNe with respect to CC (Table 5) , contrary to what was found by other authors, who had explained this by possibly stronger dust extinction for Type Ia than for CC SNe. Instead, the radial distributions of both types of SNe are similar in all the subsamples of Sa-Sbc and Sc-Sm galaxies (Table 4) , which supports the idea that the relative increase of CC SNe in the inner regions of spirals found by the other authors is most probably due to the central excess of CC SNe in disturbed galaxies.
(vii) As was found in earlier studies, the physical explanation for the more concentrated distribution of SNe Ibc with respect to SNe II in non-disturbed and unbarred spiral galaxies (Fig. 3) is that SNe Ibc arise from more metal-rich environments. The radial distributions of Types Ib and Ic SNe are sufficiently similar that the KS and AD tests fail to distinguish them with statistical significance.
